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ABSTRACT 


The  effect  of  added  insulation  of  the  dorsum  (back)  or  palm  of  the 
HANC^  OR  BOTH,  ON  THE  RATE  OF  FINGER  COOL  I NG  WAS  STUDIED.  ADDITIONAL 
INSULATION  ON  THE  DORSUM  WAS  FOUND  TO  REDUCE  THE  RATE  OF  FINGER  COOLING 
AT  -20°F  BUT  NOT  AT  0“F  HAND-COOLING  TEMPERATURES.  ADDED  PALM  INSULATION 
HAD  NO  EFFECT  ON  FINGER  COOLING  UNDER  EITHER  OF  THESE  TWO  COLD-EXPOSURE 

CONDITIONS.  Combined  dorsum  and  palm  insulation  produced  a  reduction 

IN  THE  RATE  OF  FINGER  COOLING  AT  -20°F;  THIS  WAS  LARGELY  ATTRIBUTABLE  TO 
THE  DORSUM  INSULATION  ALONE.  WiTHiN  THE  RANGE  OF  INSULATION  VALUES  USED, 
SYSTEMATIC  INCREASES  IN  THE  AMOUNT  OF  DORSUM  INSULATION  WERE  NOT  FOUND 
TO  CAUSE  SIGNIFICANTLY  GREATER  REDUCTIONS  IN  THE  RATE  OF  FINGER  COOLING. 

Supplementary  findings  of  the  study  were  that  added  dorsum  insula¬ 
tion  REDUCED  THE  RATE  OF  COOLING  OF  THE  DORSUM  AREA  BUT  DID  NOT  OFFSET 
THE  HEAT  LOSS  FROM  THE  PALM.  CONVERSELY,  ADDITIONAL  PALM  INSULATION 
LESSENED  THE  RATE  OF  COOLING  OF  THE  PALM  BUT  DID  NOT  ALTER  THE  RATE  OF 
DORSUM  COOLING.  REDUCTIONS  IN  FINGER-COOLING  RATE  DUE  TO  THE  PRESENCE 
OF  ADDED  DORSUM  INSULATION  DIO  NOT  NECESSARILY  FOLLOW  FROM  REDUCTIONS  IN 
THE  RATE  OF  DORSUM  COOLING. 


THE  EFFECT  OF  INSULATING  THE  PALM  AND  BACK  OF  HANDS  ON  FINGER  COOLING 


I NTRODUCT I  ON 

In  handwear  design,  one  of  the  simpler  ways  to  improve  thermal  pro¬ 
tection  IS  TO  INCREASE  INSULATION  ALL  OVER  THE  HANDS.  HOWEVER,  THIS 
INVOLVES  LOSSES  IN  MANUAL  PROFICIENCY,  ESPECIALLY  FOR  TASKS  DEMANDING 
SKILLFUL  MANIPULATION  AND  FINE  TACTILE  DISCRIMINATION.  In  RECOGNITION 
OF  THIS  PROBLEM,  VARIOUS  PROPOSALS  HAVE  BEEN  MADE  FOR  IMPROVING  HAND 
INSULATION  WHILE  AT  THE  SAME  TIME  MINIMIZING  THE  IMPAIRMENT  ASPECTS  OF 
SUCH  PROTECTION.  FOR  EXAMPLE,  INSTEAD  OF  APPLYING  LARGE  AMOUNTS  OF  INSU¬ 
LATION  OVER  THE  ENTIRE  HAND,  INSULATION  MIGHT  BE  GRADED  ACCORDING  TO 
THE  RATE  OF  COOLING  OF  DIFFCRCNT  HAND  AREAS  (l).  THAT  IS,  GREATER  AMOUNTS 
OF  INSULATION  WOULD  BE  PLACED  OVER  THOSE  PARTS  WHICH  COOL  FAST,  AND  PRO¬ 
PORTIONATELY  LESSER  AMOUNTS  OVER  THOSE  PARTS  WHICH  COOL  MORE  SLOWLY 

Underlying  this  technique  is  the  notion  that  elimination  of  needless 

INSULATION  IN  CERTAIN  HAND  AREAS  SHOULD  PERMIT  GREATER  MOBILITY.  HOWEVER, 
SINCE  THE  FINGERS  COOL  MORE  RAPIDLY  THAN  OTHER  PARTS  OF  THE  HAND  (l,  3)  > 

THE  OBVIOUS  WEAKNESS  IN  THIS  APPROACH  IS  THAT  THE  GREATEST  AMOUNT  OF 
INSULATION  IS  PLACED  JUST  WHERE  IT  DOES  THE  MOST  DAMAGE  TO  DEXTERITY 
AND  TACTILE  SENSITIVITY. 

As  AN  alternative,  IT  HAS  BEEN  SUGGESTED  THAT  THE  HANDS  BE  STRIPPED 
OF  ALL  insulation;  THAT  THE  HEAT  SUPPLY  TO  THE  HANDS  BE  INDIRECTLY  DERIVED 
THROUGH  WARMING  OTHER  BODY  AREAS  (5).  In  FACT,  A  STUDY  ALONG  THESE 
LINES  SHOWED  THAT  HEATING  THE  FOREARMS  LESSENED  THE  DECREMENT  IN  MANUAL 
DEXTERITY  DUE  TO  COLD  EXPOSURE  AND  REDUCED  THE  RATE  OF  COOLING  OF  THE 

FINGERS  (5).  However,  the  amount  of  heat  needed  to  obtain  these  effects 

CAUSED  DISCOMFORT  AND  THE  MAGNITUDE  OF  THE  EFFECT  WAS  CONSIDERED  TOO  SMALL 
TO  BE  OF  practical  SIGNIFICANCE. 

Of  primary  concern  in  this  report  is  still  another  method  FOR  REDUCING 

THE  ENCUMBRANCES  ASSOCIATED  WITH  PROTECTIVE  HAND  INSULATION.  IN  THIS 
PROCEDURE,  MINI  MAL  INSULATION  WOULD  BE  GIVEN  TO  THE  FINGERS  AND  MAXI  HAL 
INSULATION  TO  THOSE  HAND  AREAS  (  BACK  AND  WHERE  IT  WOULD  LEAST  INTER¬ 

FERE  WITH  -lANUAL  PERFORMANCE.  ThE  USEFULNESS'  OF  THIS  APPROACH  DEPENDS 
UPON  DEMONSTRATING  THAT  HEAT  RETENTION  IN  THE  FINGERS  CAN  BE  FACILITATED 
BY  INCREASING  INSULATION  ELSEWHERE  ON  THE  HAND.  ALTHOUGH  THERE  ARE  SOME 
DATA  (1)  TO  SUPPORT  THIS  NOTION,  MORE  INFORMATION  IS  NEEDED  FOR  AN  ADEQUATE 

APPRAISAL.  Therefore,  the  present  study  was  conducted  to  investigate 

FINGER  COOLING  AS  AFFECTED  BY  THE  AMOUNT  OF  INSULATION  PLACED  ON  THE 
DORSUM,  OR  PALM,  OR  BOTH  OF  THESE  HAND  AREAS.  IT  WAS  ASSUMED  THAT  ADDED 
INSULATION  ON  THESE  SURFACES  WOULD  PRODUCE  MINIMAL  INTERFERENCE  WITH  MANUAL 
PERFORMANCE.  FAVORABLE  RESULTS  WOULD  JUSTIFY  A  COMPREHENSIVE  INVESTIGATION 
OF  THE  MANUAL  PERFORMANCE  CAPABILITIES  OF  HANDWEAR  DESIGNS  USING  THIS 
I NSULAT lOH  PR  I  NC  I  PLE. 


STUDY  I 


I  .  Method 

First,  a  study  was  conducted  to  determine  if  added  insulation  on  the 

DORSUM  or  palm  OR  ROTH  OF  THESE  HAND  AREAS  WOULD  REDUCE  THE  RATE  OF  FINGER 
COOLING.  Eight  white  enlisted  men  served  as  subjects  and  were  individ¬ 
ually  TESTED  1  1/4  HOURS  A  DAY  FOR  12  DAYS.  WiTH  THE  EXCEPTION  OF  BLACK 
COFFEr,  NO  FOOD  WAS  CONSUMED  FOR  AT  LEAST  12  HOURS  BEFORE  THE  EXPERIMENTAL 
SESSIONS.  The  men  were  dressed  in  shorts  and  shoes  during  each  TEST 

SESSION  AND  WERE  EXPOSED  TO  AN  AMBIENT  TEMPERATURE  OF  75°^  *ND  A  RELATIVE 
HUMIDITY  OF  •  HAND  SKIN  TEMPERATURE  MEASUREMENTS  WERE  TAKEN  UNDER 
12  DIFFERENT  EXPERIMENTAL  CONDITIONS  REPRESENTING  ALL  COMBINATIONS  OF 
3  HAND-COOLING  TEMPERATURES  AND  4  INSULATION  CONDITIONS.  ThC  3  HAND¬ 
COOLING  TEHPERAT  RES  WERE  2D°F,  O'^F,  AND  -20°F,  AS  OBTAINED  IN  A  COOLING 
BOX  EQUIPPED  WITH  PORTS  FOR  INSERTION  Or  THE  HANDS.  ThE  FOUR  INSULATION 
CONDITIONS  CONSISTED  OF  BOTH  HANDS  BEING  COVERED  W  TH: 

A.  ^-FINGER  WOOLEN  INSERTS*  ONLY 

8.  WOOLEN  inserts  with  DORSAi.  INSULATION  PADS 

C.  WOOLLN  INSERTS  WITH  PALMAR  INSULATION  PADS 

D.  WOOLEN  INSERTS  WITH  BOTH  DORSAL  AND  PALMAR  INSULATION  PADS 

The  INSULATION  pads  consisted  of  a  mohair  frieze  cloth  FILLER  (double 

FACE,  15  TO  lO  OZ.)  COVERED  BY  NYLON  TAFFETA  (3  OZ . )  .  ThE  LENGTH  AND 
WIDTH  OF  THE  PADS  CONFORMED  TO  THE  DIMENSIONS  OF  THE  RIGHT  AND  LEFT  HANDS 

FOR  Large,  Medium,  and  Small  handsize,  as  specified  fop  the  ‘^-finger 

WOOLEN  insert.  EaCH  PAD  WAS  1  2  INCH  IN  THICKNESS  AND  HAD  AN  ESTIMATED 
INSULATION  VALUE  OF  l.S  CLO. 

Sewn  on  each  pad  were  'j  ringlets  of  1,4-inch  elastic  ribbon  through 
WHICH  the  fingers  were  passed  '.'O  hold  the  pad  on  the  hand.  The  gloves 
were  worn  over  the  pads;  this  also  helped  to  keep  the  pads  in  place. 

2.  Procedure 

At  the  eeginniijg  of  each  test  session,  copper- '  onst ant  an  thermo- 

COUPLFS  WERE  TAPED  TO  THE  BACKS  OF  THE  3RD  ^•th,  AND  5TH  FINGER  TIPS  AND 
TO  THE  CENTER  OF  THE  DORSUM  At4D  PALM  OF  EACH  HAND.  Ap PROPR I  AT EL Y -S I  ZED 
GLOVES  AND  INSULATIOTJ  PADS  (iF  REQUIRED  FOR  THE  SPECIFIC  TEST  SESSION) 

WERE  THEN  FITTED  Ofi  THE  SUBJECT'S  HANDS  AND  SKIN  TEMPERATURE  READINGS 
TAKEN  FOR  5  MINUTES  ON  A  LEEDS  AND  NORTHRUP  MULTIPOINT  RECORDER  (MODEL  GI. 

At  a  signal  from  the  experimenter.  THE  SUB  IE:T  PASSED  HIS  HANDS  INTO  THE 
COOLING  BOX  AND  PLACED  THEM  IN  TWO  U-SHAPED  SLOTS  (SEC  FiG.  l).  THERMOCOUPLE 


*" Insert"  and  "glove"  will  be  used  interchangeably  in  this  report. 


RCAOING^  or  the:  fingers  AMO  HAND  SURFACES  WERE  MONITORED  CONTINUOUSLY  UNTIL 
THE  FINGER  TEMPERATURES  OF  BOTH  HANDS  AVERAGED  45*^.  WHEN  THEY  REACHED 
THIS  VALUE,  THE  SUBJECT  TOOK  HIS  HANDS  OUT  OF  THE  COOLING  BOX. 

The  time  required  for  the  average  of  the  finger  readings  to  drop  from 

THE  pre-cooling  VALUE  TO  45®F  WAS  NOTED  ON  A  STOPWATCH.  DIVIDING  THIS 
TIME  INTO  THE  TEMPERATURE  LOSS  OF  THE  FINGERS,  THAT  IS,  THE  AVERAGE  PRE¬ 
COOLING  FINGER  TEMPERATURE  MINUS  45“F,  YIELDED  THE  SUBJECT'S  RATE  OF  FINGER 
COOLING  FOR  EACH  SET  OF  EXPERIMENTAL  CONDITIONS.  ThE  TEMPERATURE  DROP  OF 
THE  PALMAR  AND  DORSAL  HAND  SURFACES  WAS  ALSO  DIVIDED  BY  1HE  COOLING  TIME 
NOTED  ABOVE,  TO  DETERMINE  THE  RATE  OF  COOLING  FOR  EACH  OF  THESE  AREAS. 

As  A  PRECAUTION  AGAINST  FROSTBITE,  THE  HANDS  WERE  REMOVED  FROM  THE 
COOLING  BOX  WHEN  ANY  SI NGLE  FINGER  TEMPERATURE  READING  DROPPED  BELOW  40°F. 

Hands  which  did  not  cool  to  the  prescribed  45‘’F  temperature  within  60  min¬ 
utes  WERE  ALSO  REMOVED  FROM  THE  BOX.  In  EITHER  OF  THE  ABOVE-MENTIONED 
INSTANCES,  THE  AVERAGE  OF  THE  FINGER  TEMPERATURES  JUST  BEFORE  REMOVAL  WAS 
RECORDED  AND  TAKEN  INTO  ACCOUNT  IN  COMPUTING  RATES  OF  FINGER  COOLING. 

3-  Results 

Table  I  shows  the  median*  cooling  rates  for  the  fingers,  palm,  and 

DORSUM  FOR  THE  4  INSULATION  CONDITIONS  AT  0®F  AND  -20'’F  COLD  EXPOSURE. 

Data  obtained  at  20‘’F  were  not  included  since  no  significant  losses  in 
FINGER  SKIN  temperature,  IRRESPECTIVE  OF  DIFFERENCES  IN  HAND  INSULATION, 
occurred  at  this  COOLING  TEMPERATURE  EVEN  AFTER  A  6O-MINUTE  EXPOSURE. 

Figures  2a  and  3*  show  the  median  time  for  fingers  to  cool  from  JO^F  to 
45^  AT  0®F  AND  -20*F  RESPECTIVELY.**  ALSO  SHOWN  ARE  THE  ASSOCIATED  COOLING 
CURVES  FOR  THE  DORSUM  AND  PALM  OF  THE  HAND  'OR  THESE  TWO  CONDITIONS  OF 
COLD  EXPOSURE. 

AS  EXPECTED,  THE  DATA  SHOW  THAT  THE  FINGERS  COOLED  FASTER  THAN  EITHER 
THE  PALM  OR  DORSUM  UNDER  ALL  INSULATION  CONDITIONS  AND  THAT  ALL  AREAS 
SHOWED  A  faster  RATE  OF  COOLING  FOR  -20°r.  HOWEVER,  THE  ADDITIONAL  INSULA¬ 
TION  ON  THE  PALM,  DORSUM,  OR  BOTH  HAND  AREAS  DECREASED  THE  HEAT  LOSSES 
FROM  THE  FINGERS.  WHEN  COMPARED  TO  THE  INSULATING  EFFECT  OF  THE  GLOVES 
ALONE,  THE  RESULTS  OF  ADDING  INSULATION  TO  THE  DIFFERENT  HAND  AREAS  MAY 
BE  SUMMARIZED  AS  FOLLOWS: 


•Because  the  data  were  based  upon  a  small  number  of  subjects  who  gave 

EXTREMELY  VARIABLE  SCORES  FOR  THE  DIFFERENT  EXPERIMENTAL  CONDITIONS, 
MEDIAN  RATHER  THAN  MEAN  VALUES  WERE  USED  TO  GIVE  A  MORE  REPRESENTATIVE 
DESCRIPTION  OF  THE  DATA. 

••A  STARTING  FINGER  SKIN  TEMPERATURE  OF  WAS  USED  IN  PLDTTING  THESE 

CURVES  SO  AS  TO  INCLUDE  THE  DATA  OF  ALL  SUBJECTS,  REGARDLESS  OF  DIFFER¬ 
ENCES  IN  PRE-COOLING  FINGER  TEMPERATURES. 


4 


At  □‘’F  Hano  Cooling  Temperature 


Adding  palm  pa}  reduced  tinger  cooling  rate  by 
Adding  dorsal  pad  reduced  finger  cooling  rate  by  7^* 

Adding  palm  and  dorsal  pads  reduced  finger  cooling  rate  by  11/(> 

At  -20°F  Hand  Cooling  Temperature 


Adding  palm  pad  reduced  finger  cooling  rate  by  11^. 

Adding  dorsal  pad  reduced  finger  cooling  rate  by  24^. 
Adding  palm  and  dorsal  pads  reduced  finger  cooling  rate  by 


A  sign  test  (4)  analysis  of  the  differences  between  the  rates  of 
FINGER  cooling  NOTED  FOR  THE  4  H AND- 1 NSUL AT  I  ON  AND  2  COLD-EXPOSURE  CONDI¬ 
TIONS  WAS  PERFORMED  AND  IS  SUMMARIZED  IN  TABLE  II.  NONE  OF  THE  DIFFERENCES 
IN  FI NGER -COOL  I NG  RATES  BETWEEN  THE  GLOVE  AND  EACH  OF  THE  OTHER  INSULATING 
CONDITIONS  AT  0°F  COLO  EXPOSUREVCRE  SIGNIFICANT.  ThIS  SUGGESTS  THAT  THE 
ABOVE-NOTED  REDUCTIONS  IN  THE  RATES  OF  FINGER  COOLING  AT  O^F  COULD  BE  DUE 

TO  CHANCE.  Hence,  it  cannot  be  established  that  the  added  insulation 
AFFECTED  FINGER  COOLING  AT  0°F  COOLING  TEMPERATURE.  ON  THE  OTHER  HAND, 

AT  -20°F  STATISTICALLY  SIGNIFICANT  DIFFERENCES  IN  RATES  OF  FINGER  COOLING 
WERE  FOUND  BETWEEN  THE  GLOVE  AND  GLOVE  -f  DORSAL  PAD  CONDITIONS,  AND  THE 
glove  -I-  DORSAL  PALMAR  PAD  CONDITIONS.  SuCH  DIFFERENCES  COULD  CONSEQUENTLY 
BE  CONSIDERED  AS  RELIABLE  AND  INDICATED  THAT  ADDED  INSULATION  ON  THE  DORSUM 
CR  ON  THE  DORSUM  AND  PALM  EFFECTIVELY  RETARDED  THE  HEAT  LOSS  OF  THE  FINGERS 

AT  -20°r.  Since  insignificant  differences  were  found  between  glove  + 

DORSAL  PAD  AND  GLOVE  +  DORSAL  +  PALMAR  PAD  CONDITIONS  AT  -20°r,  IT  IS 
INDICATED  THAT  THESE  TWO  INSOLATION  CONDI T I ONS  WERE  EQUALLY  EFFECTIVE  IN 
REDUCING  THE  RATE  OF  FINGER  COOLING. 


TABLE  I 

MEDlAf,  COOLING  RATES  ( "r  PER  MINUTE)  OF  FINGERS,  DORSUM,  AND  PALM 


FOR  DIFFERENT 

COOLING 

AND  HAND  1 

NSULATION  CONDIT 

IONS 

Hand 

Cool i ng 

Glove 

Glove  + 

Glove  + 

Glove  +  Dorsal  + 

Area 

Temp.  (’’F) 

Only 

Dorsal  Pad 

Palmar  Pad 

Palmar  Pads 

F 1 NGERS 

0 

1  .22 

1.13 

1 .20 

1.07 

-2J 

2.10 

i.6o 

2.01 

1.55 

Dorsum 

0 

0.66 

0.50 

0.72 

0.60 

-20 

1 .24 

0.58 

1 .03 

0.69 

Palm 

0 

0.45 

0.53 

0.34 

0.35 

-20 

0.79 

0.65 

0.39 

0.42 
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TABLE  I  I 

DIFFERENCES  BETWEEN  MEDiAN  FINGER  COOLING  RATES  (°F/Mm)  FOR 
DIFFERENT  HAND  INSULATION  AND  COaiNG  CONDITIONS 
(Difference  =  Row  Condition  -  Column  Condition) 


0''F  Cooling  -20®F  Cooling 

Glove+  Glove+  Glove  +  Glove+  Glove+  Glove  + 

Hand  Dorsal  Palmar  Dorsal  +  Dorsal  Palmar  Dorsal  + 

I  NSULATioN  Clove  Pad  Pad  Palmar  Pads  Glove  Pad  Pad  Palmar  Paps 

Glove  X  .09  .02  .15  X  .50*  .24  .55* 

Glove  + 

Do.rsal  P;.d  X  X  .07  -.06  X  X  .26  -.05 

Glove  + 

Palmar  Pa3  X  X  X  .13  XX  X  .29 

^1  GNI  FI  C  AnT  at  .05  LEVEL. 


Although  of  secondary  importance  to  the  present  study,  differences 

BETWEEN  RATES  OF  PALM  AND  DORSUM  SURFACE  COOLING  FOR  THE  4  HAND- 1 NSUL AT  I  ON 
AND  2  COLD-EXPOSURE  CONDITIONS  WERE  ALSO  EVALUATED  BY  SIGN  TESTS.  AS 

SHOWN  IN  Table  III,  the  results  indicate  that  the  palmar  and  dorsal  pads 

DECREASED  THE  RATE  OF  COOLING  OF  THEIR  RESPECTIVE  AREAS  OF  PLACEMENT,  THE 
EFFECTS  BEING  MORE  PRONOUNCED  AT  -20‘’F  THAN  AT  0"F.  ADDING  INSULATION  TO 
ONLY  THE  PALMAR  SURFACE,  HOWEVER,  DIO  NOT  AFFECT  THE  COOLING  OF  THE  DORSUM. 

Conversely,  increased  dorsum  insulation  produced  no  change  in  the  rate 

OF  HEAT  loss  from  THE  PALM.  ON  THE  OTHER  HAND,  THE  PRESENCE  OF  BOTH  PADS 
GAVE  REDUCTIONS  IN  THE  RATE  OF  COOLING  OF  BOTH  SURFACES  WHICH  SIGNIFICANTLY 
EXCEEDED  THOSE  NOTED  FOR  THE  SEPARATE  PALMAR  AND  DORSAL  PAD  CONDITIONS. 

4.  Dl SCUSSI ON 

There  is  evidence  in  Study  I  which  suggests  that  the  rate  of  finger 

COOLING  MAY  BE  REDUCED  BY  APPLYING  INCREASED  INSULATION  ON  THE  DORSAL  AREA 
OF  THE  HANDS.  ADDED  INSULATION  ON  BOTH  PALM  AND  DORSUM  ALSO  RETARDED  THE 
RATE  OF  HEAT  LOSS  FROM  THE  FINGERS.  ThE  LATTER  EFFECT,  HOWEVER,  MAY  BE 
DUE  LARGELY  TO  THE  DORSAL  INSULATION  ALONE,  SINCE  PALMAR  INSULATION  DID 
NOT  ALTER  FINGER  COOLING  AND  THE  MAGNITUDES  OF  THE  EFFECTS  NOTED  UNDER 
PALMAR  +  DORSAL  INSULATION  CONDITIONS  WERE  NOT  SIGNIFICANTLY  DIFFERENT 
FROM  THOSE  FOUND  UNDER  DORSAL  CONDITIONS. 

The  effectiveness  of  reducing  finger  cooling  through  added  dorsal 

INSULATION  SEEMS  DEPENDENT  UPON  THE  COOLING  TEMPERATURE  AND  MORE  PROBABLY 
THE  RATE  OF  HAND  COOLING.  GiVEN  Q'T  COLD  EXPOSURE,  NO  SIGNIFICANT  REDUC¬ 
TION  IN  finger  COOLING  OCCURRED  WITH  ADDED  INSULATION  ON  THE  DORSAL 


TABLE  I  I  I 

DIFFERENCES  BET-^EEN  RATES  OF  DORSAL  AND  PALMAR  SURFACE  COOLING  (“F/MIN.) 
FOR  DIFFERENT  HAND  INSULATION  AND  COOLING  CONDITIONS 
(Difference  =  Row  Condition  -  Column  Condition) 


_ Dorsum:  0°F  Cooling _ Dorsum:  -20°F  Cooling  

Glove+  Glove+  Glove+  Glovc-I-  tiLOVEf  CloVe  + 

Hand  Dorsal  Palmar  Dorsal  -f  Dorsal  Palmar  Dorsal  -f 

I  NsuLATiON  Glove  Pad  Pad  Palmar  Pads  Glovl  Pad  Pad  Palmar  Pads 


Glove 

X  .18* 

.-j4 

.03 

X 

.66** 

.21 

•55** 

Glove  + 

Dorsal  Pad 

X  X 

-.22* 

-.10 

X 

X 

-.45** 

-.11 

Glove  + 

Palmar  Pad 

X  X 

X 

.12 

X 

X 

X 

.34* 

Palm: 

0°F  Cool i ng 

Palm: 

-20° F  Cooling 

Glove 

X  -.05 

.11 

.10 

X 

.14 

.4o* 

•37* 

Glove  + 

Dorsal  Pad 

X  X 

•'9 

.18 

X 

X 

.26* 

.23* 

Glove  + 

Palmar  Pad 

X  X 

X 

.01 

X 

X 

X 

-.03 

*Sl GNI FI  CANT 
' ‘Si GNI F 1  CANT 

AT  THE  .05 
AT  THE  .01 

LEVEL. 

LEVEL. 

surface  of  the  hands.  For  -SD^F 
RATE  OF  hand  COOLING,  THE  DORSAL 

COOLING,  AND  CONSEQUENTLY  WITH  A 
INSULATION  PRODUCED  A  SIGNIFICANT 

FASTER 

DECREASE 

IN  THE  RATE  OF  HEAT  LOSS  FROM  THE  FINGERS. 

The  RELATIONSHIP  BETWEEN  REDUCTIONS  III  DORSAL  AND  PALMAR  SURFACE 
COOLING  AND  REDUCTIONS  IN  FINGER  COOLING  FOR  COMPARABLE  CONDITIONS  OF 
INSULATION  DESERVES  COMMENT.  REDUCTIONS  OF  THE  FINGER  COOLING  RATE  DUE 
TO  DORSAL  INSULATION  WERE  ALWAYS  ACCOMPANIED  BY  SIGNIFICANT  REDUCTIONS  IN 
THE  RATE  OF  COOLING  OF  THE  DORSUM.  REDUCING  THE  DORSUM  COOLING  RATE, 
HOWEVER,  WAS  NOT  SUFFICIENT  TO  INSURE  A  REDUCTION  IN  FINGER  COOLING  RATE. 

Finger  cooling  did  not  appear  to  be  affected  by  retarding  the  heat  loss 

OF  THE  PALM  THROUGH  THE  USE  OF  THE  PALMAR  INSULATION  PAD.  USING  BOTH 
PALMAR  AMD  DORSAL  INSULATION  PADS  CAUSED  GREATER  REDUCTIONS  IN  THE  RATE 
OF  COOLING  OF  THE  PALM  AND  DORSUM  THAN  WHEN  USED  SEPARATELY.  SuCH  REDUC¬ 
TIONS,  HOWEVER,  WERE  NOT  ASSOCIATED  WITH  LARGER  REDUCTIONS  IN  FI  :iGER 
COOLING  RATES. 
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STUDY  1  I 


Since  the  results  of  Stud.-  I  indicated  that  most  of  the  major  retard¬ 
ation  IN  cooling  rates  of  the  fingers  was  associated  with  dorsal  insulation, 
A  second  study  was  conducted  to  investigate  systematically  the  relation¬ 
ship  3ETWEEN  THE  AMOUNT  OF  DORSAL  INSULATION  AND  FINGER-COOLING  RATE. 

1  .  NV  THOO 

Eight  white  enlisted  men  served  as  subjects  and  were  individually 
TESTED  1  1/4  HOURS  A  DAY  FOR  6  DAYS.  As  IN  STUDY  I,  THE  MEN  WERE  DRESSED 

IN  SHORTS  AND  SHOES  DURING  EACH  TEST  SESSION  AND  WERE  EXPOSED  ’’0  75°^^ 

AMBIENT  TEMPERATURE  AND  RELATIVE  HUMIDITY-  WiTH  THE  EXCEPTION  OF 

BLACK  COFFEE,  NO  FOOD  WAS  TAKEN  FOR  12  HOURS  OR  MORE  BEFORE  EACH  SESSION. 

Hand  skin  temperature  measurements  were  taken  under  6  different  experi¬ 
mental  combinations  of  2  HAND-COOLING  AND  3  H AND- 1 NSUL AT  I  ON  CONDITIONS. 

The  2  hand-cooling  conditions  were  Q'T  and  -20°r.  The  3  hand-insulation 

CONDITIONS  CONSISTED  OF  BOTH  HANDS  BEING  COVERED  WITH: 

A.  5-f’'NGER  WOOLEN  INSERTS  ''Ni.v 

B.  WOOLEN  INSERTS  WITH  DORSAL  INSULATiOn  PADS  IDENTICAL  TO 
THOSE  USED  I N  Study  1 . 

C.  WOOLEN  INSERTS  WITH  DORSAL  INSULATION  PADS  WHICH  WERE 
TWICE  THE  THICKNESS  OF  THOSE  USFD  IN  STUDY  I.  ThESE  PADS  HAD 
AN  EST  MATED  INSULATION  VALUE  OF  2.5  CLO.* 

Except  for  thickness,  all  pads  were  made  of  the  same  material  and 
CAME  IN  3  SIZES  (Large,  Medium,  and  Small)  corresponding  to  the  3  sizes 
OF  THE  5-flNGER  WOOLEN  INSERT. 

2 .  Procedure 

The  procedure  for  Study  II  was  identical  to  that  followed  in  Study  I. 

3.  Results 

Table  IV  shows  the  median  cooling  rates  for  the  fingers  (as  well  as 

THE  PALM  AND  DORSUm)  FOR  THE  3  HAND-INSULATION  AND  2  COLD-EXPOSURE  CONDI¬ 
TIONS  OF  Study  II.  Figures  4  and  5  show  the  median  cooling  time  for  the 
SKIN  TEMPERATURE  OF  THE  FINGEPS  TO  FALL  FROM  AN  AVERAGE  OF  TO  45®F 

FOR  THE  DIFFERENT  INSULATION  CONDITIONS  UNDER  0°F  AND  -2Q'’F  COOLING. 

Also  shown  in  these  figures  are  the  cooling  curves  for  the  dorsum  and 

THE  PALM. 


‘■fTTE  THINNER  PAD  WILL  BE  REFERRED  TO  HEREAFTER  AS  PAD  if],  THE  THICKER  PAD 
AS  PAD  #2. 
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TABLE  IV 

MEDIAN  COOLING  RATES  {'F/MIN.)  FOR  FINGERS,  DORSUM,  AND  PALM 
FOR  DIFFERENT  HAND  INSULATION  AND  COOLING  CONDITIONS 


Hand 

Cool i ng 

Glove  + 

Glove  + 

Area 

Temp.  (“F) 

Glove 

Pad  #1 

Pad  #2 

F 1 NGERS 

0 

O.JO 

0.68 

0.65 

-20 

1 .16 

0.99 

0.80 

Dorsum 

0 

0.58 

0.45 

0.22 

-20 

0.80 

0.58 

0.54 

Palm 

0 

0.44 

0.50 

0.33 

-20 

0.53 

0.51 

0.50 

In  general,  the  data  show  that  the  rate  of  finger  cooling  progressively 

DECREASED  WITH  INCREASING  AMOUNTS  OF  DORSAL  INSULATION,  THE  REDUCTION  BEING 
GREATER  FOR  THE  MORE  SEVERE  COOLING  CONDITION  (-20°F).  ThESE  RESULTS  CAN 
BE  SUMMARIZED  AS  FOLLOWS: 


At  0°F  Hand-Cooling  Temperature 


Adding  dorsal 
Adding  dorsal 


PAD  #1  ’•0  GLOVE 
PAD  #2  TO  CLOVE 


decreased  the 

DECREASED  THE 


RATE  OF  FINGER 
RATE  OF  finger 


COOLING  BY  3^. 
COOLING  BY  7/^* 


At  -20‘’F  Hand-Cooling  Temperature 


Adding  dorsal 
Adding  dorsal 


PAD  #1  to  glove 

PAD  #2  TO  GLOVE 


DECREASED  THE 
DECREASED  THE 


RATE  OF  FINGER 
RATE  OF  FINGER 


COOLING  BY  13!^. 
COOLING  BY  3^^* 


A  SIGN  TEST  EVALUATION  OF  THE  EFFECTS  JUST  NOTED  IS  SUMMARIZED  IN 

Table  V.  It  is  shown  that  only  the  glove  +  pad  #2  condition  at  -20'’F 

PRODUCED  A  STATISTICALLY  SIGNIFICANT  REDUCTIDN  IN  THE  RATE  OF  FINGER  COOL¬ 
ING.  The  lack  of  significant  differences  between  clove  +  pad  #1  and  glove  + 
PAD  #2  AT  -20°F  SUGGESTS,  HOWEVER,  THAT  THE  GLOVE  +  PAD  #1  CONDITION  EXERTED 
AN  EFFECT  ON  FINGER  COOLING  THAT  WAS  COMPARABLE  TO  THAT  FOUND  FOR  THE 
CLOVE  +  PAD  #2  CONDITION. 


As  IN  Study  I,  a  sign  test  evaluation  was  also  performed  upon  the 

DIFFERENCES  BETWEEN  THE  RATES  OF  COOLING  FOR  THE  DORSAL  AND  PALMAR  SURFACES 
FOR  DIFFERENT  EXPERIMENTAL  CONDITIONS.  ThE  RESULTS  OF  THIS  ANALYSIS  ARE 

GIVEN  IN  Table  VI  and  show  that  dorsal  pad  #1  and  #2  each  significantly 

LESSENED  THE  DORSAL  COOLING  RATE  AT  -20°r.  DESPITE  THEIR  DIFFERENCES  IN 
THICKNESS,  HOWEVER,  BOTH  PADS  APPEARED  TO  PRODUCE  ABOUT  THE  SAME  AMOUNT 
OF  REDUCTION  AT  THIS  TEMPERATURE.  ONLY  PAD  #2  SIGNIFICANTLY  ALTERED  DORSAL 
COOLING  AT  0°r. 
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TABLE  V 

DIFFERENCES  BETWEEN  MEDIAN  FINGER  COOLING  RATES  (“F/MIN.)  FOR 
DIFFERENT  HAND  INSULATION  AND  COaiNG  CONDITIONS 
(Difference  =  Row  Condition  -  Column  Condition) 


At  O^F 

At  -20°F 

1 NSUL  AT  1  ON 

Glove  + 
Pad  §\ 

Glove  + 
^AD  #_2 

1 NSUL AT  1  ON 

Glove  + 
Pad  #1 

Glove  + 
Pad  #2 

Glove 

0.02 

0.05 

Glove 

0.17 

0.36* 

Glove  + 
Pad  #1 

X 

0.03 

Glove  + 
Pad  (i'l 

X 

0.19 

“Significant  at  the  .05  level 


TABLE  Vi 

DIFFERENCES  BETWEEN  MEDIAN  RATES  OF  COOLING  (  F/MIN.)  OF  DORSUM 
AND  PALM  FOR  DIFFERENT  HAND  INSULATION  AND  COOLING  CONDITIONS 
(Difference  =  Row  Condition  -  Column  Condition) 


Dorsum:  0‘'F  Dorsum:  -20°F 


1  NSUL  AT  1  ON 

Clove  + 

Pad  §\ 

Glove  + 
Pad  §? 

1 NSULAT  ION 

Slove  + 

Pad  #1 

Glove  + 
Pad  #2 

Glove 

D.13 

0.36““ 

Glove 

J.22' 

0.27* 

Glove  + 

Pad  §\ 

X 

0.23* 

Glove 

Pad  #1 

X 

0.o4 

Palm:  .)‘’F 

Palm:  -20 'F 

Glove 

-0.06 

M  1 

Glove 

0.02 

0.03 

Glove  + 

Pad  #1 

X 

J.I7 

Glove  + 
Pad  #1 

X 

0.01 

*Sl GNI F 1  CANT 
‘“SiGNI FI  CANT 

AT  THE  .  >5 
AT  THE  .01 

LEVEL 

LEVEL 

The  dorsal  pad,  regardless  of  thickness,  had  no  significant  effect 

UPON  PA. MAR  COOLING  AT  EITHER  0“F  OR  -20°r. 

4 .  Di scussiON 

Consistent  with  the  findings  of  Study  I,  the  present  experiment  shows 

THAT  ADDED  DORSAL  INSULATION  CAUSED  A  DECREASE  IN  THE  RATE  OF  FINGER  COOL¬ 
ING  ONLY  UNDER  THE  MORE  SEVERE  COOLING  CONDITION  (-20“F).  THE  REDUCTION 
IN  FINGER  COOlING  RAir  PRODUCED  BY  DORSAL  PAD  IN  STUDY  II,  HOWEVER,  WAS 
NOT  AS  GREAT  AS  THAT  NOTED  FOR  COMPARABLE  INSULATION  AND  COOLING  CONDITIONS 

IN  Study  I.  This  result  may  be  explained  on  the  basis  that  the  subject 
GROUP  IN  Study  I  characteristically  showed  a  faster  rate  of  finger  cooling 

THAN  THE  GROUP  USED  IN  STUDY  II.  In  FACT,  THE  MEDIAN  RATES  OF  FINGER 
COOLING  FOR  STUDY  II  SUBJECTS  AT  -20°F  WERE  LESS  THAN  THOSE  OBTAINED  FOR 
Study  I  jubjects  at  0°F.  Assuming  that  the  effectiveness  of  dorsal  insu¬ 
lation  VARIES  DIRECTLY  WITH  THE  RATE  OF  FINGER  COOLING,  IT  WOULD  BE 
EXPECTED  THAT  THE  F AST ER -COOL  I NG  SUBJECTS  OF  STUDY  I  WOULD  UNDERGO  A 
GREATER  REDUCTION  IN  FINGER  COOLING  RATE  THAN  THE  SL OWER -COOL  I NG  SUBJECTS 

OF  Study  I  I . 

It  IS  DIFFICULT  TO  DETERMINE  FROM  STUDY  II  IF  INCREASES  IN  THE 
AMOUNT  OF  DORSAL  INSULATION  WOULD  PRODUCE  SYSTEMATICALLY  GREATER  REDUC¬ 
TIONS  IN  the  rate  of  finger  COOLING.  ALTHOUGH  PAD  #2  PROVIDED  A  GREATER 
REDUCTION  IN  FINGER  COOLING  THAN  PAD#1,  THIS  DIFFERENCE  WAS  NOT  STATIS¬ 
TICALLY  SIGNIFICANT.  MOREOVER,  THERE  IS  NO  DIRECT  EVIDENCE  TO  INDICATE 
THAT  GREATER  REDUCTION  IN  THE  HEAT  LOSS  OF  THE  DORSUM  WOULD  YIELD  GREATER 
HLOUCTIONS  IN  THE  RATE  OF  F 1 1  i£R  COOLING.  TOR  EXAMPLE,  THERE  ARE  INSTANCES 

IN  BOTH  Study  I  and  Study  II  in  which  added  insulation  to  the  dorsum 

CAUSED  SIGNIFICANT  LESSENING  OF  THE  DORSUM  COOLING  RATE  BUT  HAD  NO  EFFECT 
UPON  THE  RATE  OF  FINGER  COOLING  (SEE  TABLES  II,  III,  V,  AND  V I ) . 

No  JUDGMENT  CAN  BE  MADE  OF  THE  MANNER  IN  WHICH  DEXTERITY  REQUIREMENTS 
OR  COMBINED  COLD  AND  WIND  CONDITIONS  MAY  ALTER  THE  MERITS  OF  DORSAL  INSU¬ 
LATION  IN  REDUCING  THE  HEAT  LOSS  FROM  THE  FINGERS.  ThIS  REQUIRES  FURTHER 
STUDY.  The  present  results  do  suggest,  HOWEVER,  THAT  THE  DORSAL  AREA  OF 
THE  HAND  SHOULD  BE  GIVEN  IMPORTANT  CONSIDERATION  FOR  THE  PLACEMENT  OF  INSU¬ 
LATION  IN  FUTURE  HANOWEAR  SYSTEMS  DESIGNED  TO  PROTECT  THE  FINGERS  AGAINST 
COLD  EXPOSURE. 


Conclusions 

The  use  of  added  insulation  on  the  dorsal  surface  of  the  hands  caused 

A  SIGNIFICANT  REDUCTION  IN  THE  RATE  OF  FINGER  COOLING.  THIS  EFFECT,  HOW¬ 
EVER,  OCCURRED  ONLY  UNDER  THE  MORE  SEVERE  COOLING  CONDITIONS  (-EO^F) 

WHERE  THERE  WAS  A  FAST  RATE  OF  HAND  COOLING.  ADDITIONAL  INSULATION  IN 
THE  PALMAR  AREA  DID  NOT  ALTER  FINGER  COOLING,  WH 1 1  E  COMBINED  PALMAR  AND 
DORSAL  INSULATION  PRODUCED  A  REDUCTION  IN  FINGER  COOLING  WHICH  WAS  COM¬ 
PARABLE  TO  THAT  NOTED  FOR  DORSUM  INSOLATION  ALONE.  WiTHIN  THE  RANGE  OF 
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DORSAL  INSULATION  VALUES  USED,  SYSTEMATIC  INCREASES  IN  THE  AMOUNT  OF 
dorsal  INSULATION  DID  NOT  CAUSE  S I  ON I F I C ANTL Y  GREATER  REDUCTIONS  IN  THE 
RATE  OF  FINGER  COOLING. 

Added  dorsal  insulation  reduced  the  rate  of  cooling  of  the  dorsal 

SURFACE  BUT  DID  MOT  OFFSET  THE  HEAT  LOSS  FROM  THE  PALM.  CONVERSELY, 
ADDITIONAL  PALMAR  INSULATION  LESSENED  THE  RATE  OF  PALMAR  COOLING  BUT  HAD 
NO  EFFECT  ON  DORSUM  COOLING.  REDUCTIONS  IN  THE  F I  NGER' COOL  I NG  RATE  DUE 
TO  DORSAL  INSULATION  WERE  ALWAYS  ACCOMPANIED  BY  SIGNIFICANT  REDUCTIONS 
IN  THE  RATE  OF  COOLING  OF  THE  DORSUM.  REDUCING  THE  DORSUM-COOLING  RATE, 
HOWEVER,  WAS  NOT  SUFFICIENT  TO  INSURE  A  REDUCTION  IN  THE  RATE  OF  FINGER 
COOL  I NG. 
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